Technology such as the Internet is becoming an important ingredient for economic and social advancement. There is a growing national concern about the ability of all segments of the American society to be able to access and benefit from advanced telecommunications services. In this research we estimate the impact that supply costs, demographic and economic variables have on the decision to offer residential broadband services. By controlling for the various factors that influence a firm's decision to enter a market, we model the factors that explain the variation in the availability of broadband data services. The results from this analysis provide insights into a number of interesting academic and policy questions. Consistent with previous research done on general Internet access, our results suggest that high-speed access to the Internet is more likely to be available in urbanized area. As expected, the higher the line density, the more likely services are available. Also, we found that the higher the average fixed cost, the less likely advanced technology will be deployed. Our statistical analysis also suggests that residential customers in areas served by Regional Bell Operating Companies, all else equal, are equally likely to have high-speed access to the Internet as customers served by Independent telephone companies. 
Introduction 1
The latest figures published by Department of Commerce show that at the end of 1998, over 40 percent of American households owned computers, and only one-quarter of all households subscribed to an Internet provider 2 . However, as any casual reader of the daily news knows, more and more information is being digitalized and made available via "packetswitched" networks such as the Internet. The vast increase in the amount of digital information available, the growing numbers of telecommuting employees in the economy, and the increasing dependence of businesses on "packet-switched" networks for communication among employees, customers, service providers, and business units, have made high-speed, advanced services access 3 to these networks an important ingredient for economic advancement. 4 As companies race to roll out technology solutions such as cable modem or xDSL hookups to satisfy the burgeoning demand for high-speed, high-capacity access to advanced data networks 5 , there is a growing national concern about the ability of all segments of American 1 We would like to thank StratSoft Inc for providing in-kind research support for this research project. We would also like to thank Steven Burns and Zeng Yu Chen for their able research assistance.
2 National Telecommunications and Information Administration. US Department of Commerce. Falling Through the Net: Defining the Digital Divide., July 1999 3 In our study, high-speed, advanced services are available where a customer can obtain either xDSL or cable modem services. 4 For example the FCC has stated that " [t] he ability of all Americans to access these high-speed, packetswitched networks will likely spur our growth and development as a nation. Capability, FCC 99-48, Adopted March 18, 1999 , Released March 31, 1999 For example, SBC Communications has announced a $6 billion overhaul of its network, called "Project Pronto," that will allow SBC to provide 80% of its customers broadband access via xDSL technology. (Source: Greene, Tim and Denise Pappalardo, "SBC Pushes Toward Converged Net", Network World, 10/25/99, http://www.nwfusion.com/archive/1999/78877_10-25-1999.html.) While AT&T, through its MediaOne acquisition, is busy rolling out cable modem hookup options to consumers throughout the country.
society to have access to, and benefit from, these solutions. According to the Chairman of the
Federal Communication Commission
The most important issue on our agenda today is broadband. This debate that we are having in our country about broadband --that we must have about broadband --is an important debate. Broadband is going to change America in wonderful ways that no one in this room can predict, certainly not myself…. Fundamentally, we want four things for consumers in the broadband world. We want fast deployment. We want ubiquitous deployment. We want competitive deployment. And we want open deployment. 6 Just prior to the speech, the FCC adopted rules requiring the further unbundling of network elements by the nation's incumbent local telephone companies. 7 These rules essentially rely upon marketplace forces to create an environment in which new broadband service providers will be encouraged to enter the local exchange market. 8 In a related proceeding, 9 the WT Docket No. 99-217 and Third Further Notice of Proposed Rulemaking in CC Docket No. 96-98, Released July 7, 1999 (FCC 99-141) ("Further Notice of Proposed Rulemaking"). 10 Telecommunications Act of 1996 § 706(a), 47 U.S.C. 706 (a) (1996) ; see also S. Conf. Rep. No. 104-230, 104 th Cong., 2d Sess. at 1 (1996) .
Telecommunications Capability, where it has adopted "…measures that we consider critical steps in encouraging the competitive provision of advanced services."
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Congress and the FCC have placed great reliance upon marketplace forces to achieve the dual goals of advanced service competition and universal access. FCC staff, however, have acknowledged the "virtual consensus" that local telephone competition mostly takes place in urban business districts and that "competitors are more likely to enter highly populated urban areas."
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Given this inconsistency in current policies regarding broadband services, research is warranted to provide a better understanding of the factors that influence providers' decisions to offer advanced services. The study presented here is offered as a step in the development of that understanding.
In designing this study we were interested in examining where advanced service is and is not available. In addressing this matter we recognized that we needed to look at what is happening in different markets. We also recognized that, to be done properly, the analysis should be careful in defining what constitutes access. Some published data reports access at a high level of aggregation, such as the State or city level of observation. 13 We have used a level of granularity that is finer than the city. This is necessary because, as the map from TimeWarner's web site illustrates, there can be a lot of variation with a city.
14 11 FCC 99-48, Adopted March 18, 1999 , Released March 31, 1999 Id., at 17. Based on our understanding of the telecommunications network, there are a few crucial factors that impact the decision to offer service. First, there is the cost of supplying the service.
Whereas there are sizeable fixed costs associated with establishing service, a firm needs to estimate the potential size of the market. We use two types of data to control for the size of the market, the number of customers that can be reached, and the economic and demographic characteristics of the population. We would expect that all else equal, the older and poorer the customer base, the lower the forecasted interest in the service and therefore there is a reduced likelihood that service will be introduced. 23 Furthermore, the more telecommunications users per square mile of service territory, the greater the likelihood that advanced telecommunications services will be made available.
The decision to rollout high-speed access is also influenced by the cost of reaching the Internet backbone. The cost of a link to the Internet backbone increases with distance. The mileage transport rate to the Internet backbone is also a function of population density. For a standard telephone lines and therefore should not be characterized as two-way broadband service. 22 Kinetic Strategies Inc., Cable Datacom News, web site accessed July 17, 2000 at http://cabledatacomnews.com. At this point in time, there are fewer in-service xDSL modems. According to TeleChoice, there were 754,770 DSL lines were in service at the end of the first quarter of 2000. http://www.xdsl.com/content/resources/deployment_info.asp 23 Whereas we are modeling the decision to enter a market, it is appropriate to include economic and demographic data as variables that influence the decision to rollout the service in a community. Based on our conversation with network providers, the supplier is unable to observe the level of demand and given distance, fiber transport rates are lower in urban areas because of the greater degree of rivalry between telecommunications suppliers. Therefore there is a need to control for the cost of connecting customers to the Internet backbone. Based on our conversations with industry suppliers, as well as other published research, we have estimated the cost of transport from the local market to the Internet backbone by estimating the cost of connecting to the nearest interexchange carrier's point of presence. 24 We also test if the regulations imposed on Regional Bell Operating Companies impedes the roll-out of advanced telecommunications services to residential customers. Under the The modal specification outlined above addresses the availability of high-speed access. The dependent variable is binary-service is or is not available to a household.Data
We examine the availability of broadband services at the wire center level of observation. 27 For our estimation, we used data from three different sources. First we obtained data on the number of access lines at a wire center, as well as the size of its service territory, and the type and name of the company that owns the wire center. DSL and cable modem service availability data were collected from various company and technology websites, which we were able to map to wire center locations. For a few locations, additional data was obtained by calling service providers. We use the 1990 census data for the economic and demographic characteristic of various areas of the country. Census block group data were aggregated to the wire-center level and merged with the availability data. The resulting database contains the following variables:
• Switch Identity -to determine the geographic boundaries and demographics of a wire center service area. For the purpose of this study the switch identity will be the Common Language Location Identifier (CLLI code);
• Company Type -the type of company supplying telecommunications services: Regional Bell
Operating Company and name of RBOC;
• Average Fixed Costs -Proxy measure for the average fixed costs of a xDSL provider is calculated as fixed costs divided by the number of access lines at wire center. Average fixed 27 A wire center is the building in which one or more local switching systems are installed and where the outside lines leading to customer premises are connected to the switching equipment.
cost is the fixed cost divided by the number of DSL subscribers. Since we do not have data for the latter value, we use lines to represent the potential market for the service.
• Line Density -the number of access lines per square mile.
• Demographics such as race, age, education, income, and residence in urbanized area.
• Availability -dummy equals one if residential DSL or cable modem service is available.
Basic Estimation Model
We are modeling the rollout of advanced telecommunications services. The decision to deploy advanced telecommunications services is effectively binary-either advanced services are or are not available. There are a few econometric techniques that were developed to deal with experiments in which there are just two possible outcomes. We have employed one of these specifications, logit. If we had used a different specification, say probit, our qualitative results
would not have changed.
In this section we outline the logit specification. T i . Then the logistic regression model for the log odds of service being available is
where Y i is simply the conditional odds of DSL or cable modem service being available, given the explanatory variables.
Results of different specifications of this model, including the addition of demographic and other variables, are presented in the "Results" section.
Testable Hypothesis
Given the basic model and the data we have available, the parameter estimates from the regression will afford us the opportunity to test the following hypothesis: 
Results
In this section we present the results from our model. First we look at the availability of either cable modem or DSL service. We then focus on just the DSL market.
The logit regression results suggest that the availability of DSL or cable modem services in a wire center area increases in those areas with decreasing monthly costs of connecting to the Internet backbone and increasing line density, percent of population in an urbanized area, and median income. Model A ( area, there is no discrimination in the provision of advanced services to minority households.
One demographic factor that we included in the model is age. The coefficients suggest that the higher the percentage of persons in the 30-34 age group, the more likely that advanced services are available.
When the RBOC dummy is added to the regression, the coefficient is positive but insignificant. We also tried a specification with the set of dummies representing the individual RBOCs, the coefficients have different signs for the different RBOCs, but all are insignificant.
As a last check, a LR test is done testing the joint significance of these dummies, and the results suggest that we should leave them out of the regression. These statistical tests suggest that residential customers in areas served by Regional Bell Operating Companies, all else equal, are equally likely to have high-speed access to the Internet as customers served by Independent telephone companies.
The percent of households without telephone service is not significant in any of our models. This is expected because there is not a lot of variation in this variable. For our sample of 287 wire centers, the mean value for this variable is 93%, suggesting that very few households are actually without telephone service. We did not include this variable in our preferred model.
Line density is included instead of "number of access lines" because the two variables are highly correlated, and line density seems to be less correlated with other explanatory variables. For our preferred model, the Pseudo R 2 is 0.712, a high value for cross-section analysis. This statistic
suggests that approximately 71% of the variation in the dependent variable is being explained by our model specification. The model chi-square is 193.84, suggesting that our model is highly statistically significant.
Marginal effects evaluated at the mean are shown at the bottom of table two. The age variables seem to have the largest effect on availability, but it is important to note that the value that the age variables can take on is within the range 0.00 to 1.00. If P_A3034=0.08, it means that 8% of the population in the wire center belong to the age group. Taking this into account by re-scaling, the age coefficient on P_A3034 really suggests that, at the mean, a one point increase in the percent of persons belonging to the 30-34 age range would increase the AVAIL by 0.0067, which means that on a 100% scale, it increases the likelihood of service availability by 0.67 percentage point.
Similar re-scaling needs to be done for the effect of "percent urban", which also ranges from 0.00 to 1.00. After re-scaling, a one-point increase in the percent of persons in urbanized area would increase AVAIL by 0.00019, and on a 100% scale, it increases the likelihood of service availability by 0.019 percentage point. The interpretation of the marginal effects of the other variables is more straight-forward. A one unit increase in the line density of the wire center increases the likelihood of service availability by 0.001 percentage point on a 100% scale.
On a 100% scale, the marginal effect of a $1 increase in median household income on service availability seems insignificantly small. But if we change the scale and look at the effect of a $1,000 increase in median income on service availability, then the marginal effect needs to be multiplied by 1000. The result is that, at the mean, a $1,000 increase in median income increases the likelihood of service availability by 0.11 percentage point on a 100% scale. Similarly, a $10,000 increase in median income would increase the likelihood of service availability by 1.1 percentage points.
A $1 increase in the monthly cost of transport, the cost of connecting to an Internet backbone, would decrease the likelihood of service availability by 0.012 percentage point on a 100% scale. A $10 increase in this cost will decrease the likelihood of service availability by 0.12 percentage point on a 100% scale, and a $100 increase in this cost will decrease the likelihood of service availability by 1.2 percentage points on a 100% scale. suggest that for this model, we should exclude the age variables. In Table 4 , the results of Model C are shown. The age variables are excluded, and the income coefficient becomes significant again. Comparing Model C to Model A, the results are similar, but the marginal effects for all the variables are smaller in Model C than in Model A. In other words, at the mean, the effects of these factors on DSL availability is less than on DSL and cable modem availability. ** The value that the "percent urban" can take on is within the range of 0.00 to 1.00. If PCTURBHU=0.23, it means that 23% of the households in the wire center area live in an urbanized area. Table 4 : Model C ** The value that the "percent urban" can take on is within the range of 0.00 to 1.00. If PCTURBHU=0.23, it means that 23% of the households in the wire center area live in an urbanized area.
Logit Estimates
Number of obs = 287 chi2 (7 of the population in the wire center area belong to the age group. ** The value that the "percent urban" can take on is within the range of 0.00 to 1.00. If PCTURBHU=0.23, it means that 23% of the households in the wire center area live in an urbanized area.
Policy Implications
The objective of Section 706 of the Telecommunications Act of 1996 is to encourage deployment of advanced telecommunications capabilities (ATCs) 30 "on a reasonable and timely basis . . . to all Americans." Specifically, Section 706(a) states:
"The Commission and each [s]tate commission with regulatory jurisdiction . . . shall encourage the deployment on a reasonable and timely basis of advanced telecommunications capability to all Americans (including, in particular, elementary and secondary schools and classrooms) by utilizing, in a manner consistent with the public interest, convenience, and necessity, price cap regulation, regulatory forbearance, measures that promote competition . . . [or] . . . that remove barriers to infrastructure investment.
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The Section encourages the participation of both the Federal Communications Commission (FCC) and state public utility commissions (PUCs) to ensure that its procompetitive and deregulatory strategy is appropriately implemented. Removing barriers to infrastructure investment is emphasized as a way to accelerate private sector deployment of advanced telecommunications capabilities. Underlying this deregulatory strategy is the basic assumption that competitive market forces will produce the most efficient economic outcome.
However, as is common in most markets, the government still plays a role in correcting for market failures. In the case of advanced telecommunications services, our research suggests that at this early stage of the industry, we are far from achieving the goal of ubiquitous access for all
Americans. Specifically, we found evidence that advanced telecommunications service is not ADVANCED TELECOMMUNICATIONS CAPABILITY.-The term "advanced telecommunications capability" is defined, without regard to any transmission media or technology, as high-speed, switched, broadband telecommunications capability that enables users to originate and receive high-quality voice, data, graphics, and video telecommunications using any technology.
being deployed in low-income and rural areas. Hence, government intervention may be necessary in order to achieve the goal of Section 706. If indeed the market has failed, and government intervention is necessary, there are different approaches that have been proposed to address the problem.
Tax incentives
To promote advanced capabilities, tax incentives could be used to encourage technology deployment. Implementing such a program would require that the size of the tax incentive be appropriately estimated and assigned, that is, the tax incentive should be sufficient to encourage firms to serve underserved markets but not sufficiently large that more funding is provided than is needed. In order to determine this, a government agency would need to create a model that estimates the cost of providing advanced services, and proceedings similar to those held for the implementation of the universal service program will have to be initiated. The process of establishing the support mechanism for the universal service program took the FCC over three years to complete, and there needs to be improvements on what was adopted in November 1999. 32 Creating a cost model suitable for advanced services will prove to be even more complicated than that for universal service. There are at least four ways by which advanced services are provided: xDSL, cable modems, satellite, and fixed wireless. It would be a -more time-consuming process to create a model that captures all four technologies, which is necessary to ensure that only minimum amount of support would be required in the future. Taking a long period of time is however not acceptable in an industry where technology is changing so rapidly.
By the time the model is completed, the industry would likely be introducing new variations of the four types of technologies, or using completely new types of technology.
Auctions
An alternative to the provision of tax incentives is an the auction, whereby firms state the minimum amount of money that they would require in order to provide high-speed access to the Internet in low-income and rural areas. The auction winner would obtain the rights to provide services in a given geographic area and also receive support for providing those services.
Although this approach ensures that the lowest-cost firm will get the contract, there are a few concerns about an auction when applied to the market for advanced telecommunications services.
The government may want to award the right to serve an area to only one supplier. If this were the case, less of a subsidy would be required because a monopoly can more easily recover its investments in the technology over time. This brings up the question of how long the monopoly is to be granted. The monopoly cannot be a permanent one, because it would be contrary to Congress' goal in promoting competition. But, putting a time limit on the monopoly contract would discourage firms from even participating in the auction because there is less assurance that their investments could be completely recovered.
It would be difficult to establish the geographical unit for the auction contract because the different technologies have different potential levels of coverage. For the satellite companies, it makes sense to hold one auction for the forty-eight contiguous states because their reach is nation-wide. But the companies that use the other technologies have smaller footprints that are scattered across the country. Hence, a single auction for all forty-eight states would not work.
This approach could be made feasible for the competitors of the satellite technologies if grand coalitions are allowed to be formed in order to have ubiquitous coverage. But the government would not want to encourage the industry players to form such horizontal coalitions, for they would be contrary to the pro-competitive goal of Congress. Therefore, it is unlikely that one auction could be held for the entire forty-eight states.
If a smaller geographical unit were to be used, then the cost to the satellite companies of participating in the auction could be raised significantly. Because their market is the entire country, they would incur the administrative costs of participating in auctions for multiple geographical areas. Even if the satellite companies are willing to bear these costs, there is still the question of how the service geographical areas should be defined. Should they be defined as the service territories of the wireless, cable, or the incumbent telephone companies? Choosing one of these would provide some advantage to one of the technologies. This violates the regulatory objective that the support mechanism should be technologically neutral.
Federal policy-makers may find the auction approach unattractive for another reason.
With auctions, regulators have no control over the outcome. The government officials do not determine the level of support that needs to be provided; rather, the bidding determines the value.
The policy-makers will likely be uncomfortable with a process where the auction determines the level of support but the policy-makers have to create a tax that raises the revenues associated with the outcome of the auction. Also, with the FCC universal service fund, the federal government has more of an opportunity to pass on most of the taxation to the States. The federal government only provides support for 25% of the fund for voice services. For high-speed access to the Internet, a service that the FCC has deemed to be exclusively interstate, arguably the federal government would have to provide 100% of the support. The federal policy makers will likely be unwilling to take on the financial burden associated with the auctions.
Apart from these two proposed regulatory approaches, whether state or federal government is in a better position to address the needs of the country is an important issue.
Arguably, the states know their needs for infrastructure investment better than the federal government. If this proposition is true, it is the States that should be determining the need for support, rather than the federal government. On the other hand, the federal government needs to be involved as a mediator that balances the interest of rural states and those states that have no or little need for the creation of such a fund.
Discussion of different regulatory approaches may seem contradictory to the procompetitive, deregulatory strategy of the Telecommunications Act of 1996. Section 706 states that the government agencies should remove barriers to infrastructure investment in order to speed the deployment of advanced services. But it does not require the agencies to provide any kind of support for these services. There is, however, another Section in the 1996 Act that does mention a support requirement. Section 254 states that the government should provide support for those services that are subscribed to by a majority of telecommunications users. Reading these two Sections in conjunction provide a more complete and more consistent picture of the 1996 Act.
At the current state of the development of these technologies, we recommend that the government continue to monitor the issue of "ubiquitous access for all Americans" and not offer any prescriptive remedy. There is a lot of innovation taking place in this industry that may provide a quick solution to the problem. Given the complications and costs associated with the proposed regulatory approaches, government should hold off providing tax incentives or any other type of support until there is clear evidence of market failure. At this early stage of the industry, it is not clear that there will be a market failure. It is possible that the market is in the 29 process of achieving the goal of Section 706 on its own, with little government intervention, as new technologies become available to make deployment less costly.
Although our research suggests that in the first quarter of 2000, rural and low-income households are less likely to have access to Cable Modem and xDSL service, this only shows that the technology is being deployed faster in urbanized, high-income areas. It, however, does not provide evidence that technology will not be deployed in other areas in the near future. To address this question, we will have to continue to collect data and create a database that will allow us to look at changes in technology deployment over time. where n = sample size z = z-value for 95% level of confidence p = probability that DSL service is available at a central office e = acceptable level of error (3%).
Dslreports.com posts a list containing the number of central offices by state and the number of those central offices with DSL. From this, we calculated p, the probability that DSL service is available at a central office in the United States. Based on our objectives of having a sample size where our margin of error was within three percentage points of the population mean ninety-five percent of the time, we determined that we needed a sample size of 286 addresses.
We then needed to select a random sample of this size from the wire centers. We decided that a stratified random sampling method is appropriate because about 75% of all wire centers have fewer than 7,500 access lines. In these small wire centers the fixed cost of providing xDSL service makes it less economical to provide service than in larger central offices. In these small wire centers, there is less of a likelihood that service will be available. Therefore, we divided wire centers into three strata: fewer than 7,500 lines, 7,501-45,000 lines, and more than 45,001 lines.
For the three strata, we selected random samples of 43, 122, and 122 wire centers respectively. These are 15.0%, 42.5%, and 42.5% of the total sample size. Whereas this sampling produces a sample that is not representative of the characteristics of the population of wire centers, 33 we make adjustments in our regression analysis by assigning appropriate weights to wire center in each strata.
The data was collected in February 2000.
33 The unit of the observation is the wire center because we are modeling the investment decisions of firms. Providers of xDSL service install the technology in wire centers and therefore this is the correct unit of observation for the modeling of xDSL technology. For cable modems, the unit used for investment decisions is not observable. As shown by the map of Manhattan, the geographical unit considered for investments is clearly not the city nor the borough. To the best of our knowledge, there is no publicly available data that identifies at a finer level of detail the geographic area which cable companies consider when they decide if to offer cable modem service. Nevertheless the economic and demographic characteristics of a wire center should not be radically different than the similar characteristics of a cable company's service territory.
